Surviving Purkinje fibers in myocardial infarct are regarded as an important substrate in arrhythmogenesis. However, poorly understood are functional properties of Purkinje fibers in the infarcted heart. We sought to visualize intracellular Ca 2+ ([Ca 2+ ] i ) dynamics of Purkinje fiber networks in the mouse myocardial infarct. Using 3-to 4-day-old or 7-to 9-dayold infarcted hearts after the left coronary-artery ligation corresponding, respectively, to acute or healing phase, we conducted rapid fluo4-fluorescence imaging on the endocardial surface of the left ventricular septum by macro-zoom fluorescence microscopy and rapid-scanning confocal microscopy. In contrast with the intact heart, where uniform Ca 2+ transients propagated rapidly, the infarcted heart exhibited slow, non-uniform impulse propagations. On confocal microscopy, Purkinje fibers in the peri-infarct zone exhibited non-uniform [Ca 2+ ] i dynamics: beat-to-beat alternans of the Ca 2+ transient amplitude in and among the individual fibers, whereas the intact fibers exhibited uniform Ca 2+ transients. Such non-uniform [Ca 2+ ] i dynamics were more conspicuous in the acute infarcted hearts than in the healing ones. In accordance with [Ca 2+ ] i dynamics, fixed fluo4-loaded heart preparations exhibited definitive connexin-40 plaques in the peri-infarct Purkinje fibers, whereas the subjacent myocardium presented coagulative necrosis and granulation tissues, respectively. The surviving Purkinje fibers in the peri-infarct zone exhibited non-uniform [Ca 2+ ] i dynamics, which may lead to arrhythmogenesis. (J Histochem Cytochem 65:655-667, 2017) 
Introduction
Cardiac Purkinje fibers, which are distributed widely throughout the ventricular endocardial surface, play essential roles in impulse conductions of the ventricles for coordinated contractile functions of the heart. [1] [2] [3] Along with the subendocardial myocardium, Purkinje fibers are known to be spared from the ischemic necrosis even when the coronary arterial flow is totally occluded. Clinical and experimental studies have suggested that the surviving subendocardial layers of the infarcted myocardium including granulation tissue and fibrous scar are suggested to be an important origin of ventricular tachyarrhythmias. [4] [5] [6] [7] [8] Electrophysiological studies of the canine infarcted myocardium further revealed that ventricular tachycardia was initiated at the subendocardial layers within 10 min after ligation of the left coronary artery. 9 In addition, triggered activity and the following delayed after depolarizations were reportedly induced at the focal ischemic regions of the endocardial surface of canine myocardial infarct during the acute phase. 8 However, such local electrical activities of the endocardial surface are insufficient to understand whether or not the surviving Purkinje fibers in the post-infarcted heart are responsible for genesis of arrhythmias.
Previously, Boyden et al. 10 demonstrated that surviving Purkinje cell aggregates dispersed from the canine infarct border zone exhibit non-uniform Ca 2+ transients, especially Ca 2+ waves. Despite this landmark study, however, no information is available regarding the intracellular calcium ([Ca 2+ ] i ) dynamics of the surviving Purkinje fibers in the heart in situ. The advent of the fluorescent imaging technologies of the living heart tissue has enabled us to visualize spatiotemporally precise behaviors of the [Ca 2+ ] i dynamics in the heart. 11 Using this approach, we have successfully visualized spatiotemporally precise [Ca 2+ ] i dynamics of Purkinje fibers and their interconnection with subjacent ventricular myocardium in excised rat hearts. 12 Based on such background, we postulated that [Ca 2+ ] i dynamics of the impaired ischemic Purkinje cells and relevant morphology of the myocardial infarct will provide important information for understanding the ventricular arrhythmogenesis in the infarcted heart. To address this hypothesis, we sought to visualize spatiotemporal patterns of conduction on the endocardial surface of the infarcted heart and their relevant cellular aspects of [Ca 2+ ] i dynamics of Purkinje fiber networks in the mouse infarcted heart in association with the corresponding histology.
Materials and Methods

Animal Model of Myocardial Infarction (MI)
The animal experimental procedures in this study had been conducted from August 2014 to May 2015 in accordance with Guide for the Care and Use of Laboratory Animals (8th ed., National Academies Press, Washington, DC, 2011) under approval of the Animal Research Committee, Kyoto Prefectural University of Medicine (approval No: M25-145). Adult male mice (C57BL/6N) of 20-30 g body weight were used. Creation of MI of the mouse was essentially based on a previous report by Michael et al. 13 In particular, we applied deep generalized anesthesia to the mouse with sodium pentobarbital (0.1 mg/g body weight) by intraperitoneal injection. After establishment of sufficient general anesthesia confirmed by periodic prick of the abdominal wall, mice were placed in a supine position on the surgical table with paws taped. Under endotracheal intubation via a 23G polyethylene tube, the mouse was artificially ventilated with a rodent ventilator (Minivent Type 845, Harvard Apparatus, Holliston, Massachusetts) with a tidal volume of 160 μl at 150 cycles/min. After opening of the left chest by a lateral incision along the ribs extending approximately 10-mm length, the left anterior descending coronary artery was ligated with a 7-0 nylon thread connected with a U-shaped needle 1-3 mm from the lower border of the left atrial appendage. Thereafter, the chest was closed by a 5-0 nylon thread, and the mouse was allowed to recover by removal from the respirator and the endotracheal tube. During the postoperative recovery period, the mouse was kept warm by a heat lamp and allowed 100% oxygen via nasal cone with no specific analgesics added.
We examined the 3-to 4-day-old infarcted hearts (n=5) for early phase including coagulative necrosis, and the 7-to 9-day-old infarcted hearts (n=5) for healing phase including granulation tissues. 14 For comparison, non-infarcted control hearts (n=5) were used.
Fluo4 Loading of the Heart
After confirmation of the mouse under terminal anesthesia by intra-peritoneal injection of pentobarbital sodium (0.25 mg/g body weight), the heart was quickly excised and perfused in a Langendorff manner. After washout of the blood with HEPES-buffered Tyrode's solution consisting of (in mM) NaCl 145, KCl 5.4, MgCl 2 1, CaCl 2 1, HEPES 10, and glucose 10 (pH = 7.4 adjusted by NaOH) at 23-25C, Ca 2+ -indicator, fluo4-AM (8 μg/ml, Dojindo, Kumamoto, Japan) was loaded for 20 min. After loading of the heart with fluo4, the heart was perfused with the Tyrode's solution at 37C for 15 min for de-esterification of the AM form of the probe with probenecid (0.1 mg/ml) added. During the experiments, the heart was under constant perfusion with Krebs-Henseleit solution containing (in mM) NaCl 115, NaHCO 3 25, KCl 5.4, NaH 2 PO 4 1.2, NaHCO 3 25, MgSO 4 1, CaCl 2 1, and glucose 10, aerated with 95% O 2 and 5% CO 2 at room temperature (~25C). The mechanical motion of the heart was attenuated by perfusion with cytochalasin D (4 μM). For imaging of the endocardial layers of the left ventricular septum, the endocardial surface was totally exposed by incision of the ventricle along the longitudinal direction through the atrioventricular junction at the posterolateral wall.
Optical [Ca 2+ ] i Imaging
Macroscopic [Ca 2+ ] i imaging was performed on the mouse subendocardial layer with the use of a fluorescence imaging system consisting of a macro-zoom fluorescence microscope (MVX10 MacroView, Olympus, Tokyo, Japan) equipped with a high-speed complementary metal-oxide-semiconductor (CMOS) camera (188 × 160 pixels, MiCAM02-CMOS, Brainvision, Tokyo, Japan). Under stabilization of the heart on the stage of the microscope, the whole endocardial surface of the left ventricular septum was imaged by zooming out the objective lens (Olympus MV PLAPO 1×, N.A. = 0.25) to ×0.63 or ×0.8. The light-emitting diode light (490 nm) was directed onto the endocardial surface of the left ventricle to excite the fluo4. The emitted fluorescence signals (>670 nm) were detected with the CMOS camera at an acquisition rate of 500 frames/sec, and the data were transferred to a computer by means of the MiCAM02 system (Brainvision, Tokyo, Japan). The imaged region was 15.8 × 13.5 mm in size for ×0.63 zoom, and 12.5 × 10.7 mm for ×0.8 zoom, incorporating the entire area of interest for left ventricular excitation. After macroscopic imaging of the [Ca 2+ ] i dynamics, the endocardial surface was imaged by rapid-scanning confocal microscopy equipped with the upright microscope (BX-50WI, Olympus, Tokyo, Japan) and a spinning disc-type confocal unit CSU-21 (Yokogawa, Tokyo, Japan) under placement with a glass coverslip (170-μm thickness) on the heart with consecutive 2-Hz pacing from the right atrial appendage. Although absence of superfusion under placement of the coverslip may have rendered the subendocardial layers ischemic, we regard the involvement of "coverslip ischemia" as minor, because we confirmed that under coronary perfusion, short-term observations for about 15 min with intermittent releases (within 5 min) of the coverslip placement preserve the [Ca 2+ ] i dynamics unaltered. The emitted fluo4-fluorescence signals were detected through an image intensifier (C8600, Hamamatsu Photonics, Hamamatsu, Japan) by a charge-coupled device (CCD) camera (MiCAM02, Brainvision, Tokyo, Japan) with a pixel size of 384 × 256 (361 × 241 μm) via a 20× objective lens (UMPLan FI, NA = 0.5, Olympus, Tokyo, Japan).
Quantitative Data Analysis
The digitized fluorescence videos, captured by the rapid-scanning confocal microscope and subsequently converted to the sequential bitmap images, were analyzed with Image J software (National Institutes of Health, Bethesda, Maryland). To evaluate the spatiotemporal [Ca 2+ ] i dynamics, the X-t images were obtained by plotting the fluorescent intensity that was scanned along the longitudinal axis of the Purkinje fibers. The velocity of the impulse propagation within the left ventricular endocardial surface was calculated by the macroscopic X-t image scanned along the direction of the impulse. The plot profiles of Ca 2+ transients were obtained from X-t images as average fluorescent intensities along the scan line. The spatiotemporal variability of [Ca 2+ ] i was evaluated by "alternans ratio," which was obtained from the amplitudes of the two consecutive Ca 2+ transients by dividing the smaller one over the larger one in the plot profiles. The quantitative data (mean ± SD) were statistically analyzed by unpaired t-test, and a value of p<0.05 calculated by R version 3.1.0 (The R Project) was considered significant.
Histological Observation
After the [Ca 2+ ] i imaging, white-light images of the left ventricular endocardial surface were obtained by intravital microscopy with attached CCD camera (DS-SMc, Nikon, Tokyo, Japan). Subsequently, the heart was fixed with 2% paraformaldehyde for histological and histochemical analysis. For IHC, the hearts were immersed in the primary antibodies of connexin-40 (Rabbit, polyclonal, dilution 1:250, Fitzgerald, Acton, Massachusetts) for identification as Purkinje fibers and vimentin (Chicken, polyclonal, dilution 1:500, Novus Biologicals, Littleton, Colorado) for interstitial fibroblasts and labeled by Alexa Fluor 488 (dilution 1:250, Invitrogen, Tokyo, Japan) and Alexa Fluor 594 (dilution 1:250, Invitrogen, Tokyo, Japan), respectively. Confocal images of the fixed samples were obtained by FV-1000 confocal microscopy (Olympus, Tokyo, Japan). For conventional histology, the heart embedded in paraffin blocks was sectioned every 500 µm interval from the apex to the base of the left ventricle through the transverse section of both ventricles. The glass-mounted sections were stained with Masson's trichrome for detection of the ischemic necrosis and granulation after MI. In addition, we visualized subcellular structure of the endocardial surface of the left ventricular septum by confocal fluorescence images of the heart after staining with di-4-ANEPPS (3.5 μg/ml, Wako Pure Chemicals, Osaka, Japan) for excitation and emission at 488 nm and >530 nm (n=3).
Results
[Ca 2+ ] i Dynamics and Corresponding Histology of the Non-Infarcted Heart
The intact, non-infarcted heart exhibited rapid impulse propagation within the ventricle. As shown in Fig. 1A and Supplemental Video 1, macroscopic images of the fluo4-fluorescence intensity revealed that the impulse propagates rapidly from the base to the apex on the endocardial surface of the left ventricle. The corresponding isochronal propagation map (middle panel) and X-t image (right panel) also revealed that the impulses showed quick, uniform propagations on the endocardial surface. In a total of 5 non-infarcted hearts, the propagation velocity was 42.2 ± 14.9 cm/ sec, a value slightly lower than a previous data 15 possibly because our experiments were conducted under lower temperatures. On the rapid-scanning confocal microscopy, the individual Purkinje fibers on the intact endocardial surface exhibited spatiotemporally uniform Ca 2+ transient waveforms upon ventricular excitation as shown on the X-t and the corresponding plot profiles of the individual Ca 2+ transients ( Fig. 1B , also see Supplemental Video 2). These observations are in good agreement with our previous observations on the rat Purkinje fiber network. 12 The Ca 2+ transient durations of Purkinje fibers and ventricular myocytes appear as long as the cycle length, values longer than those in the previous data of the mouse heart 16 possibly due to the relatively lower temperatures. The Ca 2+ transients on the subjacent ventricular myocytes were also uniform (see X-t images and plot profiles for v1 and v2), although their fluorescence intensities were relatively lower than those of the Purkinje fiber layers due to the out-of-focus signals from the confocal plane. Thus, the non-infarcted heart exhibits uniform Ca 2+ transients with rapid intraventricular impulse propagation.
The IHC and histology revealed characteristics of the endocardial surface; the en face image of the endocardial surface provided us a clear distinction of Purkinje fibers from ventricular myocytes in the noninfarcted heart ( Fig. 2A ). Within the Purkinje fiber networks, connexin-40 (Cx40), a most reliable evidence for them as being Purkinje fibers (indicated by "P" in the figure) 17 was abundantly identified not only transversely but also longitudinally along the direction of the fibers, due possibly to long finger-like projections with oblique running of Purkinje fiber bundles. 18 In contrast, the subjacent ventricular myocytes (indicated by "V") of regularly arranged, thick strands were devoid of Cx40. The subcellular structure of Purkinje fibers was also different from that of ventricular myocytes. On confocal fluorescence images of the di-4-ANEPPSstained endocardial surface ( Fig. 2B ), Purkinje fibers have no discernible transverse tubules (T-tubules) (a), whereas the ventricular myocytes have fine striations of T-tubules (b).
Non-Uniform [Ca 2+ ] i Dynamics on the Subendocardial Layer of the Infarcted Heart
The spatiotemporal [Ca 2+ ] i dynamics in the infarct border zone were quite distinct from those in the noninfarct heart. As shown in the white-light image of the 3-day-old infarct (left panel in Fig. 3A ), the infarcted region of a pale wedge-shape was clearly discriminated from the non-infarcted region. The corresponding fluo4-fluorescence images of the infarcted region exhibited faint, inhomogeneous [Ca 2+ ] i transients with a depressed impulse propagation with irregular wave fronts as compared with the basal zone (middle panel in Fig. 3A and Supplemental Video 3) . The X-t image in the direction of the propagation also indicated slower conduction velocity in the border zone and its distal region than in the basal region (right panel in Fig. 3A) . Quantitatively, the mean propagation velocity was 20. In the 7-to 9-day-old infarcted heart, the defective area of Ca 2+ transients extended more widely ( Fig. 4A and Supplemental Video 5) as compared with that of the 3-to 4-day-old infarcted heart. In addition, the patterns of impulse propagation were more obscured and irregular with slower propagation velocity of 9.7 ± 2.2 cm/min than that in 3-to 4-day-old infarct (n=5, p<0.01). In accordance with this, the white-light image of the infarcted area was blurred in its borders as compared with 3-to 4-day-old infarct. Furthermore, the non-uniformity in [Ca 2+ ] i dynamics was evident at the cellular levels, that is, beat-to-beat alternans of Ca 2+ transients amplitude in both the base and middle portions of the endocardial regions ( Fig. 4B and Supplementary Video 6). In addition, we occasionally identified localized, wave-like [Ca 2+ ] i rises on excitation (indicated by * in X-t images), an abnormal [Ca 2+ ] i dynamics that arise under conditions of impaired Ca 2+ release from the sarcoplasmic reticulum. 19 Quantitatively, the beat-to-beat variability for the amplitude of Ca 2+ transients was evident on the infarct border zone at 3-4 days after ligation as shown in the alternans ratio, which returned close to the control level at 7-9 days after ligation ( Fig. 5 ).
Histology on the Subendocardial Layer of the Infarcted Heart
The IHC and histology of the infarcted hearts revealed that Cx40 plaques in Purkinje fiber networks were preserved 3-4 days and 7-9 days after coronary ligation, whereas the fluo4 fluorescence was remarkably lacking in subjacent ventricular layers as exemplified in Fig. 6 . For 7-to 9-day-old infarct, the subjacent ventricular muscle layer was replaced by abundant vimentin-positive fiber-like structures, consistent with the formation of granulation tissue ("G" on the right panel) in the myocardial layer, while the Purkinje fiber layers ("P" on the right panel) were well preserved. This was consistent with the corresponding Masson's trichrome stained histology of the cross section; the subendocardial layer was significantly devoid of ventricular muscles showing jeopardized distributions within the granulation tissue (right upper panel).
Discussion
Summary of the Present Study
In the present study, we demonstrated that Purkinje fibers in the infarct border zone exhibit spatiotemporally non-uniform [Ca 2+ ] i dynamics in the mouse heart. Macroscopic images of [Ca 2+ ] i dynamics revealed depressed, inhomogeneous intraventricular propagation with irregular, less dense wave fronts for the acute necrotic phase, and almost completely diminished Ca 2+ transients in the infarct area at the late, healing phase. These observations were relevant to the corresponding histology and IHC of the endocardial surface, where necrotized myocytes were predominantly distributed with jeopardized distribution of surviving myocytes for the former phase, and for the latter, they were definitively replaced by granulation tissue.
Viability of Purkinje Fibers in the Infarct Border Zone
It has long been accepted that Purkinje fibers in the infarct border zone are viable owing to direct blood supply to the endocardial surface from the ventricular chamber 20 and due to relatively lower oxygen demand as compared with ventricular myocytes 21 together with ability to tolerate ischemia and hypoxia in the specialized conduction system. 22 In accordance with this notion, we have confirmed that Purkinje fibers in the vicinity of the infarcted myocardium were viable by confocal [Ca 2+ ] i imaging, where the fibers still exhibited Ca 2+ transients, but spatiotemporally non-uniform [Ca 2+ ] i dynamics in and among individual fibers. Previously, Boyden et al. 10 observed spatiotemporally precise [Ca 2+ ] i dynamics of Purkinje cell aggregates dispersed from the infarct border zone of the canine heart, for example, non-uniform [Ca 2+ ] i transients and electrogenic Ca 2+ waves; however, their observations were not necessarily identical to ours probably due to the observations on the enzymatically dispersed cells, which are free from the influence of the surrounding tissues, as will be described below. The present study is the first to demonstrate the altered [Ca 2+ ] i dynamics of Purkinje fibers in the infarct border zone in situ.
Mechanisms of Non-Uniform [Ca 2+ ] i Dynamics in the Infarct Border Zone Purkinje Fibers
The beat-to-beat non-uniformity and the wave-like [Ca 2+ ] i rises in the infarct border zone Purkinje fibers might not be caused by [Ca 2+ ] i overload. This is because we barely observed Ca 2+ waves in the fiber network during diastole, a representation of [Ca 2+ ] i overload, 23 which was in stark contrast with our previous observations on subepicardial myocardium of the rat infarct border zone, where the Ca 2+ waves emerged predominantly during diastole. 24 Paucity of the diastolic "Ca 2+ -overloaded" waves is in good agreement with our previous observations on rat Purkinje fiber Figure 5 . Quantitative comparisons of the beat-to-beat variability for the amplitude of Ca 2+ transients (alternans ratio). Among the 3 groups of hearts, the beat-to-beat alternans is more remarkable on the infarct border zone at 3-4 days after the coronary-artery ligation than in the control and in the 7-to 9-day-old infarcted hearts as shown in the low alternans ratio. The alternans ratio is returned close to the control level at 7-9 days after ligation. *p<0.01. Abbreviation: NS, not significant. networks, which barely exhibit the "diastolic" Ca 2+ waves, although the high-frequency, oscillatory "agonal" Ca 2+ waves did emerge under irreversible Ca 2+overloaded conditions. 12 One possible explanation for the rare occurrence of the diastolic waves would be the paucity of T-tubules in Purkinje fibers as demonstrated in this study (Fig. 2) , which is analogous to those of the rat atrial myocytes. 25 As compared with ventricular myocytes, the nominal distribution of T-tubules would impair efficient Ca 2+ release from the sarcoplasmic reticulum (SR), 26 and thereby, spatiotemporal uniformity of [Ca 2+ ] i transients would easily be impaired, leading to non-uniform [Ca 2+ ] i dynamics especially under ischemic conditions, where the Ca 2+ release from and reuptake into the SR would further be suppressed. In accordance with this, ischemic insults could augment the non-uniformity of [Ca 2+ ] i dynamics by impairment of Ca 2+ release in surviving Purkinje fibers, whereas ventricular myocytes, even if they were not necrotized, would not have exhibited Ca 2+ transients any longer due to their relatively higher oxygen demands.
The beat-to-beat alternans of Ca 2+ transients occasionally accompanied non-uniform Ca 2+ transients represented as Ca 2+ wave-like propagations on systole. These atypical patterns of [Ca 2+ ] i dynamics could be caused by depressed Ca 2+ release from the SR as demonstrated in the previous studies on isolated atrial 27, 28 and ventricular myocytes. 29 Similar wave-like [Ca 2+ ] i dynamics evoked on systole were also observed by us in rat atria due to the nominal T-tubular distributions 25 and in rat ventricles evoked under global, stopflow ischemia, 11 both of which led to beat-to-beat alternans of [Ca 2+ ] i rises. Although the present study examined [Ca 2+ ] i dynamics under relatively low-frequency ventricular excitations at only 2 Hz, it would be reasonable to assume that higher frequencies of excitation could augment the spatiotemporal non-uniformity due to the impaired Ca 2+ release from the SR.
Regarding the precise mechanisms for the altered [Ca 2+ ] i dynamics, undetermined is to what extent the Ca 2+ is loaded in the SR in the infarct border zone of Purkinje fibers. This is because it is impossible to evaluate the contents of Ca 2+ in the SR, for example, by rapid application of caffeine in our experimental setup, where no transient surge of Ca 2+ was observed, possibly due to the inability of burst activation of the ryanodine receptors. This is in agreement with Minamikawa et al., 30 who observed that 5 mM caffeine showed a gradual decline of the fluo3 fluorescence intensity of the ventricular myocardium in the perfused rat heart.
Comparison of Ca 2+ Alternans Between 3-4 Days and 7-9 Days
We found that the beat-to-beat Ca 2+ alternans was greater and more variable on acute, 3-to 4-day-old infarcted heart than on the 7-to 9-day-old, healing infarcted heart in terms of the "alternans ratio." The reason for such sequential difference in the alternans ratio is uncertain. One possibility would be the influence on intercellular coupling. Given that the connexin-43 (Cx43) gap junctions are functionally depressed and altered in distribution in acute MI, 31, 32 intercellular communication via gap junctions may be impaired during acute necrotic phase, which could also augment beat-to-beat and cell-to-cell variability of Ca 2+ transients. Thus, it is reasonable to consider that the variable [Ca 2+ ] i dynamics at the early ischemic period might have been caused by impaired functions of Cx40, given that the Cx43 functions can be dramatically altered during myocardial ischemia. 33 In addition, the myofibroblasts, a key constituent of the granulation tissue for replacement of the infarct myocardium, might have affected the functions of Purkinje fibers electrotonically in 7-to 9-day-old infarct, if heterocellular gapjunctional communications could be established during the healing phase of the MI. 34 Although no studies have been reported on Purkinje fibers in their electrical coupling with (myo)fibroblasts, we assume that such heterocellular coupling, if it occurs, would modulate the electrical activities of Purkinje fibers, for example, depressed excitation and conduction, and prolonged action-potential duration as demonstrated by in vitro co-culture study using myocytes and fibroblasts 35 and its computer simulation study, 36 which would also lead to development of the non-uniform [Ca 2+ ] i dynamics in Purkinje fibers. To further unveil the functional aspects of the Purkinje fiber network in the healing myocardial infarct, it would be required to examine the functional alterations of Cx40 gap junctions in between the Purkinje fibers and intercellular coupling with fibroblasts or surviving ventricular myocytes under ischemic conditions.
Limitations and Pathological Implications
We should note several limitations to this study. First, it is unclear whether the alternans phenomenon observed in this study can lead to genesis of ventricular arrhythmias in the human heart. We were unable to induce ventricular arrhythmias by fixed atrial pacing of the mouse infarcted hearts of small size, which might not have attained adequate conditions for the derangements of impulse propagation that lead to arrhythmias. Arrhythmogenic potentials of the post-MI mouse hearts have previously been published. 37 Loss of arrhythmia generation in our study would be due to the experimental conditions, for example, excised heart perfused with blood-free solutions at relatively lower temperature under constant pacing at 2 Hz. It, therefore, remains to be determined whether and how Purkinje fibers in the infarct border zone lead to ventricular arrhythmogenesis in the post-MI mouse hearts. The non-physiological conditions, for example, under blood-free, ex-vivo, fluo4-loaded perfused hearts with incision of the ventricular free wall at room temperature, would also have influenced the outcome of this study. In addition, Purkinje fibers in the rodent hearts may be different from those in large mammals, where the fibers barely attain [Ca 2+ ] i overload that could lead to Ca 2+ oscillation for triggered activities. We should, therefore, note that our observations would not necessarily extrapolate to the hearts of large mammals including humans in that they possess relatively abundant T-tubules as compared with Purkinje fibers or atrial myocytes of rodents. Despite these limitations, however, it would be reasonable to surmise that infarct border zone Purkinje fibers are viable and can exhibit spatiotemporally non-uniform [Ca 2+ ] i dynamics, the latter of which would be definitively distinct from the noninfarcted heart.
Finally, given that the beat-to-beat alternans of [Ca 2+ ] i dynamics provide a close link to electrical alternans of action-potential waveforms 38 and in clinical settings, and proarrhythmic index of T-wave alternans in electrocardiogram, 39 our integrated study on both the [Ca 2+ ] i dynamics and relevant histopathology in Purkinje fibers could indicate a condition that may constitute a substrate for generation of arrhythmias.
